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Abstract
Objective

Ophthalmologic involvement in monogenic autoinflammatory diseases has been explored mainly in paediatric 
patients. The aim of this study is to characterise ophthalmologic manifestations, therapeutic management and visual 

outcomes in a Spanish (UVESAI) cohort of adult/paediatric patients with monogenic autoinflammatory diseases.

Methods
Multicentre and retrospective study of patients with monogenic autoinflammatory diseases and ocular involvement. 

Eye manifestations, structural complications, treatments used and visual outcomes were analysed, and compared with 
previous studies.

Results
Forty-six patients (44/2 adults/children; 21/25 adult/paediatric-onset) with monogenic autoinflammatory diseases 

[cryopyrin associated periodic syndromes (n=13/28.3%), mainly Muckle-Wells syndrome (MWS) (n=11/24%); familial 
Mediterranean fever (FMF) (n=12/26%); TNF receptor-associated periodic syndrome (TRAPS); (n=9/20%); Blau 
syndrome (n=8/17%); hyperimmunoglobulin D syndrome (HIDS) (n=2/4.3%), deficiency of adenosine deaminase-2 

and NLRC4-Autoinflammatory disease] (one each) were included. Conjunctivitis (n=26/56.5%) and uveitis (n=23/50%) 
were the most frequent ocular manifestations. Twelve (26.1%) patients developed structural complications, being 

cataracts (n=11/24%) and posterior synechiae (n=10/22%) the most frequent. Conjunctivitis predominated in TRAPS, 
FMF, MWS and HIDS (mainly in adults), and uveitis, in Blau syndrome. Seven (8%) eyes (all with uveitis) presented 

with impaired visual acuity. Local and systemic treatment led to good visual outcomes in most patients. 
Compared with previous studies mainly including paediatric patients, less severe ocular involvement was observed in 

our adult/paediatric cohort. 

Conclusion
Conjunctivitis was the most common ocular manifestation in our TRAPS, FMF, MWS and HIDS patients, and uveitis 
predominated in Blau syndrome. Severe eye complications and poor visual prognosis were associated with uveitis. 
Adults with monogenic autoinflammatory diseases seem to exhibit a less severe ophthalmologic presentation than 

paediatric patients.
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Introduction 
Monogenic autoinflammatory diseas-
es comprise a group of rare diseases 
caused by genetic defects in inflam-
matory mechanisms that are character-
ised by recurrent or persistent episodes 
of fever accompanied by a variety of 
systemic and organ-specific manifesta-
tions and raised acute phase reactants 
(1, 2). Because of their inherited na-
ture, they are usually manifested dur-
ing childhood. However, disease onset 
may also occur in adult patients, which 
compared with paediatric patients, 
usually exhibits milder, incomplete or 
overlapping disease phenotypes and 
a predominance of unknown signifi-
cance variants, somatic mutations and 
non-confirmatory genotypes (3-12). 
Monogenic conditions with adult-onset 
include familial Mediterranean fever 
(FMF), tumour necrosis factor (TNF) 
receptor-associated periodic syndrome 
(TRAPS), cryopyrin-associated autoin-
flammatory syndromes (CAPS), Blau 
syndrome, and deficiency of adenosine 
deaminase 2 (DADA2) (3-6).
Ocular inflammatory lesions in mono-
genic autoinflammatory diseases may 
involve the ocular surface (eyelid and 
conjunctiva), sclera, cornea, uvea, reti-
na, optic nerve, and adnexal and orbital 
structures, such as lacrimal gland and ex-
traocular muscles. Corneal degenerative 
or dystrophic lesions, including kerato-
conus and retinitis pigmentosa-like dis-
ease have been occasionally reported 
(13, 14). Cataracts, glaucoma or choroi-
dal neovascularisation can also occur as 
complications due to a persistent and/or 
uncontrolled ocular inflammation (13). 
Ophthalmologic involvement has been 
reported in 1% of paediatric patients 
with FMF (15); conjunctivitis and peri-
orbital oedema have been observed in 
22% and 20% of patients with TRAPS, 
respectively (16); in CAPS and hyper-
immunoglobulin D syndrome (HIDS), 
71%  and 17% of patients, respectively, 
may present with ocular manifestations, 
mainly conjunctivitis in both conditions 
(17, 18); and uveitis is the most com-
mon ocular lesion in Blau disease, ob-
served in up to 80% of patients (19). 
Data about ocular involvement in other 
monogenic autoinflammatory diseases 
is currently scarce or absent. 

The occurrence of ocular lesions in mo-
nogenic autoinflammatory disorders is 
usually accompanied by a diagnostic 
delay and subsequently, by a delay to 
start proper therapies to avoid irrevers-
ible structural complications and vision 
loss. Therefore, in order to increase its 
early recognition by ophthalmologists 
and other physicians, this study intend-
ed to compile a large series of Span-
ish adult and paediatric patients with 
monogenic autoinflammatory diseases 
and any type of ophthalmologic lesions 
with the aim to contribute to the char-
acterisation of their ophthalmologic 
manifestations, therapeutic manage-
ment and visual outcomes.

Methods
Study design and selection of patients
The study was designed and led by the 
Group for the Study of Uveitis in Au-
toinflammatory Syndromes (UVESAI, 
for “UVEitis en Síndromes AutoInflam-
atorios”) of the Spanish Society of Oc-
ular Inflammation (SEIOC, for “Socie-
dad Española de Inflamación Ocular”) 
and participating physicians included 
ophthalmologists, internists, paedia-
tricians and rheumatologists who be-
longed to Spanish reference centres for 
autoimmune and autoinflammatory dis-
eases. Several of the investigators were 
members of the AutoInflammatory Dis-
eases Alliance Network (AIDA), which 
supported and collaborated with the 
study. Patients with monogenic autoin-
flammatory diseases and ocular mani-
festations controlled in the participant 
Spanish centres were retrospectively 
reviewed and included in the study. 
The period for inclusion of patients was 
June 2017 to February 2020.
Patients initially presenting with ocu-
lar manifestations at disease-onset and 
those previously diagnosed with au-
toinflammatory diseases already con-
trolled by paediatric or adult physicians 
presenting with new ocular symptoms, 
were all ultimately assessed and diag-
nosed by ophthalmologists. Subsequent 
ophthalmological control visits were 
scheduled at physicians’ convenience, 
and were more frequent in patients with 
uveitis. All the information about initial 
ocular lesions and posterior complica-
tions was retrospectively recorded from 
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initial and follow-up visits. However, 
visual acuity was only assessed at the 
visit nearby the inclusion on the study.
Only cases with clinical manifestations 
compatible with monogenic autoin-
flammatory diseases and a confirmatory 
genetic test were included. Patients had 
to fulfil the 2019 Eurofever/Paediat-
ric Rheumatology INternational Trials 
Organisation (PRINTO) classification 
criteria for the main monogenic autoin-
flammatory conditions (FMF, TRAPS, 
HIDS and CAPS) (20). For other mo-
nogenic conditions not included in the 
2019 Eurofever/PRINTO classification 
criteria, a definite diagnosis was ac-
cepted when a suggestive clinical pres-
entation was accompanied by a causa-
tive mutation in the responsible gene 
previously described in The Registry 
of Hereditary Autoinflammatory Dis-
orders Mutations (Infevers) (21). Those 
clinically suggestive patients without a 
positive genetic study and individuals 
with eye complaints but no systemic 
manifestations regardless of the genetic 
results were excluded. This study did 
not intend to collect all the patients with 
monogenic diseases from all the centres 
to draw epidemiological conclusions 
and only patients with these autoinflam-
matory conditions presenting with any 
ocular involvement were requested to 
be included.
This retrospective study was approved 
by the Ethics Committee of the Basque 
Country (project code: PI2016179). 
Patients’ information was dissociated 
prior to analysis and all procedures 
were performed in accordance with the 
ethical principles expressed in the 2013 
Declaration of Helsinki.

Variables studied
Variables collected included the type of 
monogenic autoinflammatory disease, 
sex, current age, age at first ocular and 
systemic symptoms, age at diagnosis of 
the ocular and systemic disease, system-
ic manifestations (including fever and 
serosal, musculoskeletal, mucocutane-
ous, gastrointestinal and neurologic in-
volvement), genetic variants and causal 
genes, visual acuity (decimal scale) at 
the time of data collection, ocular lat-
erality, ocular structural complications, 
ocular (local) procedures and systemic 

therapies administered at disease di-
agnosis and during the follow-up. The 
anatomic type of uveitis was evaluated 
by using the Standardization of Uvei-
tis Nomenclature (SUN) classification 
criteria (22). Potential associations of 
monogenic autoinflammatory diseases 
with types of ocular involvement, struc-
tural complications and visual progno-
sis were also evaluated. 

Statistical study
For qualitative variables, frequencies 
were used. Mean and standard devia-
tions (SD) were calculated for quanti-
tative variables following a normal dis-
tribution. Otherwise, median and inter-
quartile ranges (IQR) [percentiles 25th 

- 75th] were used. The Shapiro-Wilks 
test was applied to determine whether a 
quantitative variable followed a normal 
distribution. Associations between dif-
ferent parameters were analysed by us-
ing the test for equality of proportions 
with false discovery rate (FDR) correc-
tion. The data were analysed with the 
R Project for Statistical Computing (R 
Foundation for Statistical Computing, 
Vienna, Austria).

Results
Overall results
Forty-six patients, 29 (63%) females 
and 17 (37%) males, were finally in-
cluded and analysed. At the time of the 
study, 44 patients were adults ≥16 years 
and 2 children <16 years, with a me-
dian (IQR) age of 38.5 (26.5–48) years. 
Disease onset occurred at paediatric 
and adult age in 25 and 21 patients, 
respectively. The diagnosis of the au-
toinflammatory disease was established 
at paediatric age in 20 patients and dur-
ing adulthood in 26 patients. Systemic 
manifestations started at a median 
(IQR) age of 16 (8–38.5) years and 
ocular symptoms occurred at a median 
(IQR) age of 16.5 years (11–38). With 
regard to the sequential presentation of 
symptoms, ocular complaints were the 
first manifestation of the autoinflam-
matory disease in 14 (30.4%) patients, 
occurred simultaneously in 15 (32.6%) 
cases, and after the systemic presenta-
tion in 17 (37%) patients. In the latter 
group, eye involvement occurred al-
ways with other systemic symptoms as 

part of the attacks. The definite diagno-
sis of monogenic autoinflammatory dis-
ease was established at a median (IQR) 
age of 23 (12–38) years (Table I).
CAPS was the monogenic autoinflam-
matory disease most commonly iden-
tified associated with ophthalmologic 
manifestations (n=13; 28.3%), fol-
lowed by FMF (n=12; 26%), TRAPS 
(n=9; 19%), Blau syndrome (n=8; 17%) 
and HIDS (n=2; 4.4%). Two additional 
patients with DADA2 and NLRC4-
associated disease (NLRC4-AD) and 
ocular involvement (one each) were 
identified. Among CAPS patients, most 
were diagnosed with Muckle-Wells 
syndrome (MWS) (n=11; 24%) and 
two patients (one each; 2.2%) with fa-
miliar cold-induced autoinflammatory 
syndrome (FCAS) and chronic infantile 
neurologic cutaneous articular - neo-
natal onset multi-inflammatory disease 
(CINCA-NOMID). Table I illustrates 
the chronologic presentation of system-
ic and ocular manifestations, and Sup-
plementary Table S1 shows the results 
of the genetic studies of all patients    
included.
Overall, fever occurred in 26 (56.5%) 
patients, arthralgia/arthritis was pre-
sent in 38 (82.6%) patients, cutaneous 
lesions in 35 (76.1%) and serosal in-
volvement (mainly peritonitis and peri-
carditis) in 20 (43.5%) patients. Table 
II summarises the main systemic mani-
festations in every autoinflammatory 
condition.

Type of ocular lesions
The most frequent ophthalmologic 
manifestations were conjunctivi-
tis (n=26; 56.5%) and uveitis (n=23; 
50%), of which 16 (34.8%) were an-
terior and 7 (15.2%) were panuveitis. 
Keratitis, episcleritis, optic disk and 
periorbital oedema were less common 
ocular lesions. Thirty-six (78%) pa-
tients had bilateral ocular involvement 
and 19 (41%) suffered ocular lesions in 
two or more ocular structures. Table III 
shows the type and frequency of ocular 
involvement in our cohort.
With regard to the most frequent type 
of ocular involvement in every dis-
ease, conjunctivitis predominated in 
TRAPS (88.9%), FMF (66.7%) (Fig. 
1A), CAPS (FCAS and MWS) (53.8%) 
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and HIDS (100%). Uveitis was present 
in all patients with Blau syndrome, 
and less frequently in other mono-
genic conditions (CAPS [MWS and 
CINCA-NOMID] 53.8%, HIDS 50%, 
and TRAPS 22.2%). Patients with 
NLRC4-AD and DADA2 (one each) 
presented uveitis as the only ocular 
manifestation. In terms of uveitis ana-
tomical classification, anterior uveitis 
was present 16 patients [4 with Blau 
syndrome, 6 with CAPS-MWS (Fig. 
1B), 2 with FMF, and one each with 
TRAPS, HIDS, DADA2 and NLRC4-
AD), and panuveitis was detected in 4 
patients with Blau syndrome (one of 
them with multifocal choroiditis] (Fig. 

1C-E) and 1 patient each with FMF, 
TRAPS and CAPS-CINCA-NOMID. 
No cases of intermediate and posterior 
uveitis were registered.
Keratitis and episcleritis were observed 
in 38.5% and 30.8% of CAPS (only 
MWS) patients, respectively, and both 
lesions were reported in 50% of HIDS 
and 16.7% of FMF patients. Optic disk 
oedema was observed in 1 (8.3%) pa-
tient with FMF, and periocular oedema 
in 1 (11.1%) patient with TRAPS and 1 
(7.7%) patient with CAPS-FCAS. 
The study of potential associations 
between ocular lesions and the type 
of monogenic autoinflammatory dis-
eases revealed that conjunctivitis was 

significantly associated with TRAPS 
(p=0.002) and uveitis with Blau syn-
drome (p=0.005). No other associa-
tions were found.

Type of ocular lesion according 
to the age at disease onset
Conjunctivitis was more frequently 
presented in patients in whom the au-
toinflammatory disease was initiated 
at adult age compared with patients 
with paediatric onset 16 (76.2%) vs. 10 
(40%) patients; p-value = 0.013. Con-
trarily, uveitis of any type was more 
commonly presented by children [18 
(72%) vs. 5 (23.8%) patients; p-value 
= 0.001], and panuveitis was only ob-

Table I. Type of monogenic autoinflammatory disease and chronological presentation of systemic and ophthalmologic manifestations in 
the present series.

Monogenic 	 N (%)	 Sex	 Current age	 Age at systemic	 Age at ocular	 Age at disease
autoinflammatory 		  (Female/ Male)	 (years)*	 symptoms onset	 symptoms onset	 diagnosis 
disease	  			   (years)*	   (years)*	 (years)*

CAPS	 13 	(28.3)	 10/3	 48 	(38.5-60.5)	 14 	(4.5-45)	 14 	 (7.5-39.5)	 34 	(11.5-48)
FCAS	 1 	(2.2)	 1/0	 48			   32			   47		  48
MWS	 11 	(24)	 9/2	 48 	(42-61)	 14 	(5-38)	 14 	 (8-38)	 39 	(36-59)
CINCA-NOMID	 1 	(2.2)	 0/1	 35		  0		  10		  12
FMF	 12 	(26)	 4/8	 38 	(20-48)	 16 	(5-35)	 19 	 (12-41)	 30 	(18-39)
TRAPS	 9 	(20)	 4/5	 37	  (19-45)	 23.5 	(12-38)	 23.5 	 (13-41)	 35 	(15-40.5)
BLAU syndrome	 8 	(17)	 7/1	 29.5 	25-36.5)	 3 	(1-11)	 11.5 	 (0.9-16)	 12 	(12-14)
HIDS	 2 	(4.4)	 2/0	 36		  17.5 	(3-32)	 25 	 (18-32)	 19.5 	(5-34)
DADA	 21 	(2.2)	 1/0	 50		  34		  41		  50
NLRC4-AD	 1 	(2.2)	 1/0	 25		  2		  13		  5
Total	 46 	(100)	 29/17	 38.5 	(26.5-48)	 16	 (8-38.5)	 16.5 	 (11-38)	 23 	(12-38)

* Results are expressed as median (IQR; 25%-75%)
CAPS: cryopyrin-associated autoinflammatory syndromes; CINCA-NOMID: chronic infantile neurologic cutaneous articular - neonatal onset multi-inflam-
matory disease; DADA2: deficiency of adenosine deaminase 2; FCAS: familiar cold-induced autoinflammatory syndrome; FMF: familial Mediterranean 
fever; HIDS: hyperimmunoglobulin D syndrome; MWS: Muckle-Wells syndrome; NLRC4-AD: NLRC4-associated disease; TRAPS: tumour necrosis factor 
receptor-associated periodic syndrome.

Table II. Systemic manifestations of the 46 patients with monogenic autoinflammatory diseases and ocular involvement.

Monogenic 	 N (%)	 Fever	 Cutaneous	 Arthralgia/arthritis	 Serositis	 Gastrointestinal	 Neurologic
autoinflammatory disease	

CAPS	 13 	(28.3)	 5 	 (38)	 11 	(84)	 11 	(84)	 4 	(30)	 2 	(15)	 1 	(7)
FCAS	 1 	(2.2)	 0 	 (0)	 1 	(100)	 1 	(100)	  1 	(100)	 1 	(100)	 0 	(0)
MWS	 11 	(24)	 4 	 (36)	 9 	(81)	 9 	(81)	 3 	(27)	 1 	(9)	 0
CINCA-NOMID	 1 	(2.2)	 1 	 (100)	 1 	(100)	 1 	(100)	 0	 (0)	 0 	(0)	 1 	(100)
FMF	 12 	(26)	 11 	 (91)	 6 	(50)	 8 	(67)	 10 	(83)	 6 	(50)	 2 	(17)
TRAPS	 9 	(20)	 5 	 (55)	 8 	(88)	 9 	(100)	 2 	(22)	 4 	(44)	 1 	(1)
BLAU syndrome	 8 	(17)	 1 	 (12.5)	 7 	(88)	 8 	(100)	 1 	(12.5)	 0 	(0)	 0
HIDS	 2 	(4.4)	 2 	 (100)	 1 	(50)	 1 	(50)	 1 	(50)	 2 	(100)	 0
DADA2	 1 	(2.2)	 1 	 (100)	 1 	(100)	 1 	(100)	 1 	(100)	 0 	(0)	 0 	(0)
NLRC4-AD	 1 	(2.2)	 1 	 (100)	 1 	(100)	 0 	(0)	 1 	(100)	 0	  (0)	 0 	(0)
Total	 46 	(100)	 26 	 (56.5)	 35 	(76.1)	 38 	(82.6)	 20 	(43.5)	 14 	(30.4)	 4 	(8.7)*

CAPS: cryopyrin-associated autoinflammatory syndromes; CINCA-NOMID: chronic infantile neurologic cutaneous articular - neonatal onset multi-inflam-
matory disease; DADA2: deficiency of adenosine deaminase 2; FCAS: familiar cold-induced autoinflammatory syndrome; FMF: familial Mediterranean 
fever; HIDS: hyperimmunoglobulin D syndrome; MWS: Muckle-Wells syndrome; NLRC4-AD: NLRC4-associated disease; TRAPS: tumour necrosis factor 
receptor-associated periodic syndrome.
*Meningitis was presented by 4 (8.7) patients (2 with FMF, 1 with TRAPS and 1 with CINCA-NOMID and 1 (2.3%) patient with CINCA-NOMID suffered 
encephalitis.
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served in patients with paediatric onset 
(p-value = 0.009). The remaining ocu-
lar signs did not differ between groups 
(Supplementary Table S2).

Structural ocular complications
Complications affecting ocular struc-
tures were developed by 12 (26.1%) 
patients, and 7 (15%) subjects had 
more than one structural complication. 
The most frequent complication were 
cataracts (n=11; 24%), posterior syn-
echiae (n=10; 22%) (Fig. 1C-D) and 
band keratopathy and glaucoma (n=3; 
6.5% each). Choroidal neovascularisa-
tion (Fig. 1F), macular oedema, cho-
rioretinal scars and corneal leukoma 
were less commonly observed. 
Structural complications were observed 
mainly in patients with Blau syndrome, 
CAPS and FMF. Table IV illustrates 
the type and frequency of ocular com-
plications in every condition. An asso-
ciation between baseline ocular lesions 
and structural complications was only 
found for uveitis and cataract (p=0.02). 

Visual acuity
With regard to the visual acuity at the 
inclusion in the study, impaired visual 
acuity (<0.5) was observed in 7 eyes, 
all of them with previous uveitis (2 eyes 
with panuveitis and 3 eyes with ante-
rior uveitis due to Blau syndrome, and 
2 eyes with panuveitis due to CAPS-
CINCA-NOMID). The only ocular 
lesion associated with loss of vision 
(<0.5) was uveitis (p=0.003). Overall, 

the median (IQR) final visual acuity in 
the involved eyes was 1 (0.92-1) in the 
right eye, and 1 (0.8-1) in the left eye.

Therapeutic management
Local therapy. The most commonly 
used ocular treatments were non-ste-
roidal anti-inflammatory drugs and/or 
glucocorticoids eye drops, adminis-
tered in 41 (89.1%) patients. Periocu-
lar or intraocular glucocorticoids were 
injected to 5 (10.9%) patients and in-
travitreal injections of bevacizumab, 
an antiangiogenic agent, was admin-
istered to 1 (2.2%) patient with Blau 
syndrome and choroidal neovasculari-
sation. These local procedures were 
mainly used in combination with the 
baseline systemic therapy required for 
control the systemic manifestations of 
the autoinflammatory disease.

Systemic therapy. At the moment of 
data collection, 4 (8.7%) patients were 
not receiving any treatment and the 
remaining patients were being treated 
only with colchicine (n=7; 15.2%) or 
prednisone (n=1; 2.1%), conventional 
immunosuppressive drugs (including 
methotrexate, azathioprine and tacroli-
mus alone or combined with prednisone 
and/or colchicine or biologic agents) 
(n=3; 6.5%), and anti-cytokine agents 
alone or in combination with conven-
tional immunosuppressive drugs (n=32; 
69.6%). Biologic agents used were in-
terleukin (IL)-1 blockers (anakinra or 
canakinumab), anti-TNF agents (adali-

mumab, etanercept and certolizumab), 
anti-IL-6 agent (tocilizumab) and Janus 
kinase (JAK) inhibitor (tofacitinib). 
All treatment modalities are detailed in 
Supplementary Table S3.
With regard to previous treatment lines, 
27 (58.7%) patients had been treated 
with conventional immunosuppres-
sive drugs, and 32 (69.6%) subjects 
had received biologic agents, including 
IL-1 blockers (n=26; 56.5%), anti-TNF 
agents (n=10; 21.7%) and tocilizumab 
(n=1; 2.2%).
In 15 (32%) patients with severe or 
relapsing ocular lesions despite previ-
ous systemic therapy or local proce-
dures, systemic agents (usually more 
than one) were used with good con-
trol of ophthalmologic manifestations. 
These drugs included colchicine (n=2; 
4.3%), conventional immunosuppres-
sive drugs, mainly methotrexate (n=9; 
19.6%), TNF inhibitors (n=7; 15.2%), 
and anti-IL-1 agents (n=6; 13%).

Discussion
The UVESAI cohort represents the 
first multicentre and multidisciplinary 
Spanish study exploring ophthalmo-
logic manifestations and outcomes in 
adult and paediatric patients with mo-
nogenic autoinflammatory diseases. 
In a recent systematic review including 
1,353 patients (most of them paediat-
ric) with monogenic autoinflammatory 
diseases and ocular involvement, sys-
temic disease onset occurred prior to 
ocular manifestations, which were pre-

Table III. Ocular involvement in patients with monogenic autoinflammatory diseases.

Monogenic 	 N (%)	 Conjunctivitis	 Uveitis	 Panuveitis	 Keratitis	 Episcleritis	 Periorbital	 Optic disk
autoinflammatory 			   (total)				    oedema	 oedema
disease	

CAPS	 13 	(28.3)	 7 	(53.8)	 7 	(53.8)	 1 	(7.7)	 5 	(38.5)	 4 	(30.8)	 1 	(7.7)	 0 	(0)
FCAS	 1 	(2.2)	 1 	(100)	 0 	(0)	 0 	(0)	 0 	(0)	 0 	(0)	 1 	(100)	 0 	(0)
MWS	 11 	(24)	 6 	(54.5)	 6 	(54.5)	 0 	(0)	 5 	(45.5)	 4 	(36.4)	 0 	(0)	 0 	(0)
CINCA-NOMID	 1 	(2.2)	 0 	(0)	 1	 (100)	 1	 (100)	 0 	(0)	 0 	(0)	 0 	(0)	 0 	(0)
FMF	 12 	(26)	 8 	(66.7)	 3 	(25)	 1	 (8.3)	 2 	(16.7)	 2 	(16.7)	 0 	(0)	 1 	(8.3)
TRAPS	 9 	(20)	 8 	(88.9)	 2 	(22.2)	 1 	(11.1)	 0 	(0)	 0 	(0)	 1 	(11.1)	 0 	(0)
BLAU syndrome	 8 	(17)	 1 	(12.5)	 8 	(100)	 4 	(50)	 0 	(0)	 0 	(0)	 0 	(0)	 0 	(0)
HIDS	 2 	(4.4)	 2	 (100)	 1 	(50)	 0 	(0)	 1 	(50)	 1 	(50)	 0 	(0)	 0 	(0)
DADA2	 1 	(2.2)	 0 	(0)	 1 	(100)	 0 	(0)	 0 	(0)	 0 	(0)	 0 	(0)	 0 	(0)
NLRC4-AD	 1 	(2.2)	 0 	(0)	 1 	(100)	 0 	(0)	 0 	(0)	 0 	(0)	 0 	(0)	 0 	(0)
Total	 46 	(100)	 26 	(56.5)	 23 	(50)	 7 	(15.2)	 8 	(17.4)	 7 	(15.2)	 2 	(4.3)	 1 	(2.2)

CAPS: cryopyrin-associated autoinflammatory syndromes; CINCA-NOMID: chronic infantile neurologic cutaneous articular - neonatal onset multi-inflam-
matory disease; DADA2: deficiency of adenosine deaminase 2; FCAS: familiar cold-induced autoinflammatory syndrome; FMF: familial Mediterranean 
fever; HIDS: hyperimmunoglobulin D syndrome; MWS: Muckle-Wells syndrome; NLRC4-AD: NLRC4-associated disease; TRAPS: tumour necrosis factor 
receptor-associated periodic syndrome.
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sented at a mean age of 5 and 9 years, 
respectively (14). In our patients, sys-
temic symptoms similarly occurred 
after, before or simultaneously than 
ophthalmologic manifestations (a third 
each), at a median (IQR) age of 16 (8–
38.5) and 16.5 (11–38) years, respec-
tively. Because of the high proportion 
of adult patients included in our cohort, 
the simultaneous presentation of ocular 
and systemic symptoms or the initial 
occurrence of the ocular involvement 
could also be interpreted as a particular 
feature of the adult onset of monogenic 
autoinflammatory diseases. However, 
this could be also due to a delayed di-
agnosis because of the under-recogni-
tion of some manifestations of autoin-
flammatory diseases in adult patients.

In CAPS, eye involvement has been re-
ported in 71% of patients (in 97 out 136 
cases) in the Eurofever Registry (17), 
and in 78% of MWS patients (23). In 
680 CAPS patients with ocular involve-
ment, systemic and ocular manifesta-
tions occurred sequentially at a mean 
age of 5.6 and 12 years, respectively 
(14). Conjunctivitis was the most fre-
quent ocular lesion in 62.4% of cases, 
followed by uveitis (28.4%) (anterior 
[19.1%], posterior [0.7%], and inter-
mediate uveitis [0.3%] and panuvei-
tis [0.3%]), papillitis or papilloedema 
(27%), keratitis (10.6%), episcleritis 
(2.2%), multifocal choroiditis (1.9%), 
retinal vasculitis/retinitis (1.3%/0.4%) 
and periorbital oedema (1%) (14). Most 
of our CAPS patients were diagnosed 

with MWS and disease onset occurred 
at 5 years or older. Among them, 53.8% 
each presented with conjunctivitis and 
uveitis, followed by keratitis (38.5%), 
episcleritis (30.8%) and periorbital 
oedema (7.7%). 
Ocular complications in CAPS patients 
have been described to occur as optic 
nerve atrophy (7.4%), cataract (1.6%), 
band keratopathy (1.2%), glaucoma 
(0.6%), choroidal thickness reduction 
(0.6%), retinal detachment (0.3%) and 
corneal perforation (0.1%) (14). Other 
seldom ocular manifestations reported 
include retinal dystrophy, choroidal 
mass, nystagmus, ectopia pupillae, 
aphakia and keratoconus (14). In our 
CAPS patients, ophthalmologic compli-
cations included cataract (15.3%), pos-
terior synechiae (23%), and band kera-
topathy and corneal leukoma (7% each).
In FMF, ocular involvement has been 
described in about 1% of cases in a 
series of 512 paediatric FMF patients 
(15). A review of 211 FMF patients 
with a mean age at disease onset of 13 
years and ocular manifestations occur-
ring at a mean age of 19 years, revealed 
the occurrence of retinal vasculitis 
(31.3%) and uveitis (10.4%) (anterior 
[6.6%], posterior [1,4%], and inter-
mediate uveitis [1%], and panuveitis 
[0.1%]). Papillitis, optic neuritis, epis-
cleritis and periorbital oedema have 
also been reported in isolated cases 
(14). A decrease of choroidal thickness 
is the most common ocular complica-
tion in FMF, detected in almost half of 
cases (14), and has also been described 
in adult patients with FMF (24). In our 
FMF patients, the mean age at sys-
temic and ocular presentation were of 
16 and 19 years, respectively. Among 
them, conjunctivitis was presented by 
66.7% of cases, followed by uveitis 
(25%), keratitis and episcleritis (16.7% 
each), and optic disk oedema (8.3%). 
The high proportion of conjunctivitis 
in our FMF series (affecting two third 
of patients) had not been previously 
described (14), except in a single case 
from a Chinese FMF series (25). The 
significant predominance of conjuncti-
vitis in adults and the absence of more 
severe ocular manifestations in our 
cohort might be related to the milder 
presentation of FMF during the adult-

Fig. 1. Ocular manifestations in patients with monogenic autoinflammatory diseases: A) Conjunctivi-
tis (from a patient with familial Mediterranean fever); typical conjunctival hyperaemia with follicular 
reaction is observed; B) Anterior uveitis (from a patient with Muckle-Wells syndrome): the figure 
shows a typical ciliary hyperaemia; C and D) Posterior synechiae (from a patient with Blau syndrome): 
360º posterior synechiae are observed, along with granulomatous keratic precipitates and lens anterior 
capsule opacification; E) Multifocal choroiditis lesions (from a patient with Blau syndrome); and F) 
Choroidal neovascularization as a structural complication in a patient with Blau syndrome, involving 
juxtapapilar (white asterisk) and macular (yellow asterisk) areas.
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hood, as previously described for other 
systemic manifestations (3-7). 
Ophthalmologic complications in FMF 
are infrequent. While corneal ectasia 
is described in 6.2% of cases, other 
secondary lesions, such as cataract, 
glaucoma, posterior synechiae, band 
keratopathy, cystoid macular oedema, 
retinal detachment, corneal perforation 
and oculomotor nerve palsy have been 
scarcely reported (14). In our series, 
FMF patients developed few ocular 
complications, since cataract and pos-
terior synechiae were detected in only 
8% of cases.
In TRAPS, the most common ocular 
complaints are conjunctivitis and peri-
orbital oedema occurring in 22% and 
20% of a series of 158 patients with 
TRAPS from the Eurofever registry, 
respectively (16). In addition, conjunc-
tivitis and periorbital oedema tended to 
be more frequent in paediatric patients 
than in those with an adult-onset, and in 
patients with structural mutations than 
in those carrying low-penetrant vari-
ants, such as R92Q (3, 16). No differ-
ences between age of presentation and 
ocular manifestations have been de-
tected in patients with R92Q-associated 
TRAPS (10). A review of 138 patients 
with TRAPS and ocular involvement, 
at a mean disease onset of 12.5 years, 
conjunctivitis (56.5%) and periorbital 
pain/oedema (47.8%) were the most 
frequent ocular manifestations (14). 
Multifocal choroiditis, panuveitis and 
optic neuritis have also been reported in 

isolated cases with TRAPS (14). All our 
TRAPS patients carried the R92Q vari-
ant, and the mean age at disease onset 
was 23.5 years. Most patients (88.9%) 
presented with conjunctivitis, followed 
by uveitis (22.2%) and periorbital 
oedema (8.3%). Compared to TRAPS 
patients from previous studies (14), our 
patients were older and presented more 
frequently with conjunctivitis and less 
often with periorbital oedema. 
Regarding eye complications in 
TRAPS, cataract, posterior synechiae 
and glaucoma have been reported only 
in 0.7% of patients with ocular involve-
ment. Similarly, none of our TRAPS 
patients developed ocular complica-
tions during the follow-up.
In Blau syndrome, ocular involvement 
occurs as part of the classic triad of ar-
thritis, dermatitis and uveitis (19, 26). 
A review of 238 patients with Blau 
syndrome and ocular lesions described 
the occurrence of ocular symptoms at 
a mean of 9 years, after a mean of 5 
years from disease onset (14). Uveitis, 
mainly described as granulomatous, 
occurred in 95.4% of patients. Among 
uveitis, 48% were anterior, 43.6% 
panuveitis, 11.9% posterior and 2.6% 
intermediate (14). Other less frequent 
ocular lesions included multifocal cho-
roiditis (15.1%), papilitis/papilloedema 
(10.9%), keratitis (6.3%), episcleri-
tis (1.3%) and ocular myositis (0.4%) 
(14). Our patients with Blau syndrome 
shared similar age at the onset of sys-
temic and ocular presentation than in 

those previously reported (14). While 
all subjects presented with uveitis (50% 
with panuveitis), conjunctivitis was less 
often (12.5%) manifested. 
Late eye complications in Blau syn-
drome are commonly associated with 
the severity of uveitis and include cata-
ract (23.9%), glaucoma (9.7%), cystoid 
macular oedema (8%), retinal detach-
ment (1.7%) and optic atrophy (3.8%). 
Other less frequent ocular lesions in-
clude choroidal thickness reduction, 
corneal perforation, and chorioretinal 
hypopigmentation (14). In our series, 
patients with Blau syndrome presented 
with the highest rate of ocular compli-
cations among all monogenic autoin-
flammatory diseases. The most frequent 
structural complications were cataract 
(88%), posterior synechiae (75%), 
glaucoma (37.5%) and band keratopa-
thy (25%). Choroidal neovascularisa-
tion, chorioretinal scars and macular 
oedema were severe lesions only ob-
served in a patient with Blau syndrome.
There is scarce information about ocu-
lar manifestations in the remaining 
monogenic autoinflammatory diseases. 
In HIDS, ocular involvement occurs 
in 17% of patients as conjunctivitis 
(10%), uveitis (2%) and cataract (3%) 
(18). Retinal dystrophy (27, 28), retinal 
degeneration and, diffuse retinal haem-
orrhages (28), as well as nummular 
keratitis evolving to a large corneal scar 
and decreased vision (29) have also 
been described. Our two HIDS patients 
suffered conjunctivitis, anterior uveitis, 

Table IV. Structural complications in patients with monogenic autoinflammatory diseases and ocular involvement.

Monogenic 	 N (%)	 Cataract	 Posterior	 Band	 Glaucoma	 Choroidal	 Macular	 Chorioretinal	 Corneal
autoinflammatory 			   synechiae	 keratopathy		  neovascularisation	 oedema	 scars	 leukoma
disease									       

CAPS	 13 (28.3)	 2 (15.3)	 3 (23)	 1 (7)	 0	 0	 0	 0	 1 (7)
FCAS	 1 (2.2)	 0	 0	 0	 0	 0	 0	 0	 0
MWS	 11 (24)	 1 (9)	 2 (18)	 0	 0	 0	 0	 0	 1 (9)
CINCA-NOMID	 1 (2.2)	 1(100)	 1(100)	 1(100)	 0	 0	 0	 0	 0
FMF	 12 (26)	 1 (8)	 1(8)	 0	 0	 0	 0	 0	 0
TRAPS	 9 (20)	 0	 0	 0	 0	 0	 0	 0	 0
BLAU syndrome	 8 (17)	 7 (88)	 6 (75)	 2 (25)	 3 (37.5)	 1 (12.5)	 1(12.5)	 1(12.5)	 0
HIDS	 2 (4.4)	 0	 0	 0	 0	 0	 0	 0	 0
DADA2	 1 (2.2)	 1 (100)	 0	 0	 0	 0	 0	 0	 0
NLRC4-AD	 1 (2.2)	 0	 0	 0	 0	 0	 0	 0	 0
Total	 46 (100)	 11 (24)	 10 (22)	 3 (6.5)	 3 (6.5)	 1 (2.2)	 1 (2.2)	 1 (2.2)	 1 (2.2)

CAPS: cryopyrin-associated autoinflammatory syndromes; CINCA-NOMID: chronic infantile neurologic cutaneous articular - neonatal onset multi-inflam-
matory disease; DADA2: deficiency of adenosine deaminase 2; FCAS: familiar cold-induced autoinflammatory syndrome; FMF: familial Mediterranean 
fever; HIDS: hyperimmunoglobulin D syndrome; MWS: Muckle-Wells syndrome; NLRC4-AD: NLRC4-associated disease; TRAPS: tumour necrosis factor 
receptor-associated periodic syndrome.
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keratitis and episcleritis, and no struc-
tural complications were observed. In 
DADA2, a reduction in choroidal thick-
ness, strabismus, retinal vasculitis and 
optic neuritis have been observed in 
few patients (14). Our DADA2 patient 
presented with anterior uveitis and also 
developed cataract. In NLRC4-AD, 
conjunctivitis, episcleritis, keratitis and 
dry eye have been reported in 42% of 
patients in a series with 26 NLRC4-AD 
patients. These ocular manifestations 
clearly predominated in the subgroup 
with skin and articular involvement 
(30). Our patient with NLRC4-AD 
(with cutaneous and serosal lesions) 
presented with anterior uveitis and no 
ocular complications. 
Regarding therapeutic approaches, most 
patients received local treatment, mainly 
anti-inflammatory and glucocorticoids 
drops. While 8.7% of patients did not re-
quire any treatment and 17.3% were only 
treated with colchicine or prednisone 
alone, biologic therapy was administered 
to two-third of patients. Among biologic 
agents, those more frequently used were 
IL-1 blockers in almost half of patients 
and anti-TNF agents in 17.4% of cases. 
Systemic treatment for managing ocular 
involvement was administrated to a third 
of patients. 
Visual outcomes were in general fa-
vourable due to a low rate of severe 
structural complications, which were 
confined to a single case with Blau syn-
drome presenting with uveitis and cho-
roidal neovascularisation. Cataract or 
glaucoma, as less severe complications, 
were all presented by patients previous-
ly suffering uveitis. 
Limitations of this retrospective study 
include the overall small number of 
patients recruited and the reduced pro-
portion of paediatric patients, despite 
the predominance of monogenic au-
toinflammatory diseases in paediatric 
population. This bias was due to the 
fact that most patients were controlled 
by adult physicians at the time of the 
study. However, there is still a remarka-
ble representation of paediatric patients 
since more than half of patients initiated 
autoinflammatory manifestations dur-
ing childhood. Due to the retrospective 
nature of this multicentre study, visual 
acuity was assessed at the moment of 

the study (and not at the onset of the 
ocular involvement), after a variable 
follow-up. In addition, the fact that the 
ocular involvement was assessed only 
in symptomatic patients might have led 
to underestimate the number of patients 
with subclinical ocular involvement, in 
particular of those infants with uveitis, 
since their inability to refer specific 
symptoms. Overall, the under-recogni-
tion of many of the included monogenic 
autoinflammatory diseases and others in 
which ocular involvement is remarka-
ble, such as A20 haploinsufficiency, has 
probably contributed to misrepresent 
the results.
In conclusion, ophthalmologic involve-
ment in monogenic autoinflammatory 
diseases affecting adult and paediatric 
patients differs from the ocular pres-
entation described in studies mainly 
based on paediatric population. Com-
pared with those features described in 
children, in whom a sequential presen-
tation of systemic followed by ocular 
symptoms is common, adults tend to 
present similarly with sequential or si-
multaneous presentations of both ocular 
and systemic symptoms. Conjunctivitis 
and uveitis are the most common ocular 
lesions in our mixed cohort of patients 
with monogenic autoinflammatory dis-
eases. While conjunctivitis is clearly 
associated with an adult presentation 
and prevails as the most frequent ocular 
complaint in TRAPS, FMF, CAPS and 
HIDS patients, uveitis remains the typi-
cal feature of Blau syndrome. Structural 
ocular complications and visual impair-
ment are associated with uveitis. The 
high proportion of adults in the UVE-
SAI cohort and the predominance of 
conjunctivitis (mainly in adult patients) 
with an overall good visual prognosis 
could be in part reflecting the less severe 
or incomplete presentation of monogen-
ic autoinflammatory diseases in adults 
compared to those patients with paedi-
atric onset. However, our results should 
be confirmed in future larger multicen-
tre and international registry studies.  
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